Very recently, photoemission experiments have reported strong evidence demonstrating the first realization of a Weyl semimetal state in the inversion symmetry breaking compound, TaAs [19] [20] [21] [22] . Therefore, the field of Weyl semimetal is now at a stage that is similar to the first discovery of the topological insulator surface states in the BiSb semiconductors in 2007, meaning that it is crucially important to identify other robust Weyl semimetal candidates that possess properties that are distinct from the TaAs family of materials. In this paper, we propose a new type of Weyl semimetal in an inversion breaking, stoichiometric compound strontium silicide, SrSi 2 . Our systematic first-principles band structure calculations show that SrSi 2 is a Weyl semimetal even in the absence of spin-orbit coupling. Upon including spin-orbit coupling, our study shows that the Weyl semimetal state remains intact, and, more interestingly, that two single Weyl fermions with the same chiral charge are bounded together forming a double Weyl fermion featuring a quadratic dispersion due to an additional C 4 symmetry. We find that such a double Weyl fermion in SrSi 2 exhibits a high (larger than 1) chiral topological charge of 2. Our surface state calculations further show that the chiral charge 2 in the double Weyl fermions leads to an interesting phenomenon that two surface Fermi arcs thread through the same Weyl node. Furthermore, due to the simultaneous absence of mirror symmetry and inversion symmetry in SrSi 2 , our calculations show that the Weyl nodes with opposite charges are located at different energies, leading to a new 4 and unique topological transport phenomenon that an external magnetic field can induce an equilibrium dissipationless current [12] . Our prediction of the Weyl semimetal state in SrSi 2 serves as an important and timely contribution and pave the way for realizing many new phenomena such as quadratic Weyl fermions, higher chiral charges, magnetic field driven dissipationless currents, which are not possible in the known Weyl semimetal TaAs.
SrSi 2 crystalizes in a simple cubic lattice system. The lattice constant is a = 6.563 A −1 and the space group is P 4 3 32 (#212). As seen in Fig.1a , the crystal lacks inversion and mirror symmetries. Since SrSi 2 is a nonmagnetic system that respects time-reversal symmetry, the absence of inversion symmetry is fundamental for realizing a Weyl semimetal phase. The lack of mirror symmetry also has important consequences to the energy positions of the Weyl nodes, which will be discussed in the following paragraphs. The bulk and (001) surface high symmetry points are noted in Fig.1b , where the centers of the square faces are the X points, the centers of the edges are the M points, and the corners of the cube are the R points.
We try to understand the electronic properties of SrSi 2 at a qualitative level based on the ionic model. The electronic configuration of Sr is 4s 2 whereas the electronic configuration of Si is 3s 2 3p 2 . Each Sr atom has a strong tendency to give out two electrons to achieve a full shell configuration in an ionic compound, leading to an ionic state of Sr +2 . This means that Si has an ionic state of Sr −1 in SrSi 2 , which is different from the most common ionic state of Si, Si +4 , as in SiO 2 . This situation resembles another well-known semimetal Na 3 Bi.
In both compounds, an element that usually forms a positive ionic state (such as Si +4 or Bi +3 ) in an ionic compound is forced to form a negative ionic state (such as Si
However, we emphasize that a key difference between SrSi 2 and Na 3 Bi is that the SrSi 2 crystal breaks space inversion symmetry. Based on the above picture, we expect that the valence electronic states mainly arise from the 3p orbitals of Si. Indeed, this is confirmed by our first-principles calculation results. Fig.1c shows the calculated bulk band structure along high-symmetry directions in the absence of spin-orbit coupling. We observe a clear crossing between the bulk conduction and valence bands along the Γ − X direction, which agrees with our expectation that SrSi 2 is likely to be a semimetal based on the ionic model picture. Interestingly, we note that the band crossing does not enclose any high symmetry or time-reversal invariant Kramers' points. In the vicinity of the crossings, the bands are found to disperse linearly along the Γ − X direction as shown in Fig.1d . The two crossings along Γ − X without spin-orbit coupling are noted as W1 and W2. At this point, one cannot conclude whether the conduction and valence bands between Γ − X only touch at the two discrete points, W1 and W2 or if they dip into each other to form a 1D line node crossing.
Since SrSi 2 lacks inversion symmetry, the spin degeneracy of the bulk bands is lifted except at the Kramers' points when spin-orbit coupling is turned on. However, remarkably, we find that the touchings at W1 and W2 remain intact (Fig.1e,f) , where the band with one type of spin is gapped but the other spin remains gapless.
We systematically study the nature of the band crossings in Fig.2 . Let us first consider the band structure in the vicinity of the crossings W1 and W2 without spin-orbit coupling.
Interestingly, we find that the bands disperse linearly along all three directions in vicinity of W1 (Fig.2d ). This fact suggests that SrSi 2 is either a Dirac or a Weyl semimetal without spin-orbit coupling. We note that a Dirac semimetal is only possible in the presence of spin-orbit coupling [26] , and therefore the band crossings W1 and W2 are likely to be Weyl nodes. In order to rigorously show that this is indeed the case, we have checked the chiral charges of W1 and W2 by calculating the Berry flux through a closed surface that encloses W1 and W2. Our calculation shows that W1 and W2 carry nonzero a chiral charge, which proves that they are Weyl nodes. Therefore, SrSi 2 is already a Weyl semimetal even without spin-orbit coupling.
Now we study the band structure with spin-orbit coupling. This means that each Weyl node without spin-orbit coupling should be considered as two degenerate Weyl cones with the same chiral charge but the opposite physical spins. In general, spin-orbit coupling is expected to lift the spin degeneracy due to the lack of inversion symmetry in SrSi 2 . For W3
and W4, as shown in Fig.2c is not screened [27, 28] . This may potentially lead to new correlated topological states.
Another interesting property of SrSi 2 is that the Weyl nodes with opposite charges are located at different energies. This is due to the lack of mirror symmetry in the crystal, because a mirror symmetry operation would reflect a Weyl node on one side of the mirror plane to a Weyl node with the opposite chiral charge at the same energy. Such a property is interesting because It has been proposed that having Weyl nodes with the opposite chiralities at different energies can lead to a new and unique topological transport phenomenon that an external magnetic field can induce an equilibrium dissipationless current [12] .
A key signature of a Weyl semimetal is the presence of Fermi arc surface states, which connect the Weyl points in a surface BZ. We present calculations of the (001) surface states in Fig. 3 . The projected Weyl nodes are noted as black and white circles in Fig. 3a BZ has to remain zero. We note that the Chern number of 2 is obtained from the electronic structure of the surface states (Fig. 3b) through the surface-bulk correspondence principle.
On the other hand, we can also reach the same conclusion consistently by studying the bulk.
If one studies the 2D k-slice Cut 2 (the green dotted line) that goes across theȲ (0, π) point (Fig. 3a) , the Chern number of Cut 2 must be 0 because it goes through the Kramers points Finally, we test the symmetry origin of the quadratic Weyl fermions in SrSi 2 . We note that all the quadric Weyl nodes are located on the k x , k y and k z axes which are the C 4 rotational axes of the crystal. This suggests that the quadratic Weyl fermions are likely protected by the C 4 symmetry. In order to test this speculation, we apply a uniaxial pressure along theẑ direction that compresses the lattice as shown in Fig. 4a . The consequence is that it breaks the C 4 symmetries along the k x and the k y directions but preserves the C 4 symmetry along the k z direction. We calculate the band structure under such a pressure. Our result in Fig. 4b shows that each quadratic Weyl node located on the k x or the k y axis is deformed into two single (linear) Weyl nodes, whereas all quadratic Weyl nodes onk z remain intact. Therefore, the quadratic Weyl node is protected by the C 4 rotational symmetry of the axis where the node is located. We note that previously quadratic Weyl fermions were only predicted in and W2 are C W = +1 and −1, respectively. In (c), SOC splits two bands: ∆ 2 → ∆ 7 + ∆ 8 and ∆ 4 → ∆ 6 + ∆ 7 . Two ∆ 7 bands will repel by a gap, while ∆ 6 and ∆ 8 cross and create C W = ±2
WPs, W1' and W2' respectively. There are other crossings between ∆ 7 and ∆ 8 and between ∆ 6 and ∆ 7 , which are also WPs but will not be discussed here. 
